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PREAMBLE

It is important that the medical profession play a significant
role in critically evaluating the use of diagnostic procedures
and therapies in the management and prevention of disease
states. Rigorous and expert analysis of the available data
documenting relative benefits and risks of those procedures
and therapies can produce helpful guidelines that improve
the effectiveness of care, optimize patient outcomes, and
have a favorable effect on the overall cost of care by focusing
resources on the most effective strategies.

The American College of Cardiology (ACC) and the
American Heart Association (AHA) have jointly engaged
in the production of such guidelines in the area of cardio-
vascular disease since 1980. This effort is directed by the
ACC/AHA Task Force on Practice Guidelines. Its charge
is to develop and revise practice guidelines for important
cardiovascular diseases and procedures. Experts in the sub-
ject under consideration are selected from both organiza-
tions to examine subject-specific data and write guidelines.
The process includes additional representatives from other
medical practitioner and specialty groups where appropriate.
Writing groups are specifically charged to perform a formal
literature review, weigh the strength of evidence for or
against a particular treatment or procedure, and include
estimates of expected health outcomes. Patient-specific
modifiers, comorbidities, and issues of patient preference
that might influence the choice of particular tests or
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therapies are considered as well as frequency of follow-up
and cost-effectiveness.

The ACC/AHA Task Force on Practice Guidelines
makes every effort to avoid any actual or potential conflicts
of interest that might arise as a result of an outside
relationship or personal interest of a member of the writing
panel. Specifically, all members of the writing panel are
asked to provide disclosure statements of all such relation-
ships that might be perceived as real or potential conflicts of
interest. These statements are reviewed by the parent task
force, reported orally to all members of the writing panel at
the first meeting, and updated yearly and as changes occur.

These practice guidelines are intended to assist physicians
in clinical decision making by describing a range of accept-
able approaches for the diagnosis, management, or preven-
tion of specific diseases or conditions. These guidelines
attempt to define practices that meet the needs of most
patients in most circumstances. The ultimate judgment
regarding care of a particular patient must be made by the
physician and patient in light of all of the circumstances
presented by the patient.

The executive summary and recommendations are pub-
lished in the May 4, 1999, issue of Circulation. The full text is
published in the journal of the American College of Cardiology.
Reprints of both the full text and the executive summary and
recommendations are available from both organizations.

These guidelines have been officially endorsed by the
Society for Cardiac Angiography and Interventions.

James L. Ritchie, MDD, FACC
Chair, ACC/AHA Task Force on Practice Guidelines

I. INTRODUCTION
The ACC/AHA Task Force on Practice Guidelines herein

revises and updates the original “Guidelines for Coronary
Angiography,” published in 1987 (1). The frequent and
still-growing use of coronary angiography, its relatively high
costs, its inherent risks and the ongoing evolution of its
indications have given this revision urgency and priority.
The expert committee appointed included private practitio-
ners and academicians. Committee members were selected
to represent both experts in coronary angiography and
senior clinician consultants. Representatives from the family
practice and internal medicine professions were also in-
cluded on the committee.

The English-language medical literature was searched for
the 10 years preceding development of the guidelines. The
searches yielded >1,600 references that the committee
reviewed for relevance. Evidence relative to the use of
coronary angiography was compiled and evaluated by the
committee. Whereas randomized trials are often available
for reference in the development of treatment guidelines,
randomized trials regarding the use of diagnostic procedures
such as coronary angiography are rarely available (2). For
development of these guidelines, when coronary angiogra-
phy was a necessary procedure in describing a clinical subset
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or in choosing a course of treatment and that therapy was
shown to have an advantage for the patient, especially in the
context of a randomized trial, then the indication for
angiography was given greater consideration than indica-
tions cited in less-rigorous evaluations of data.

This document uses the ACC/AHA classifications of
Class I, II, or III. These classes summarize the indications
for coronary angiography as follows:

Class I:  Conditions for which there is evidence for
and/or general agreement that the procedure
is useful and effective.

Class II: Conditions for which there is conflicting ev-

idence and/or a divergence of opinion about

the usefulness/efficacy of performing the pro-

cedure.

Class IIa: Weight of evidence/opinion is in
favor of usefulness/efficacy.

Class IIb: Usefulness/efficacy is less well es-
tablished by evidence/opinion.

Class III: Conditions for which there is evidence and/or
general agreement that the procedure is not
useful/effective and in some cases may be

harmful.

The weight of evidence in support of the recommenda-
tion for each listed indication is presented as follows:

Level of Evidence A: The presence of multiple random-
ized clinical trials.

Level of Evidence B: The presence of a single ran-
domized trial or nonrandomized
studies.

Level of Evidence C: Expert consensus.

This document was reviewed by 6 outside reviewers, 3
nominated by the ACC and 3 by the AHA, as well as by
reviewers nominated by the Society for Cardiac Angiogra-
phy and Interventions (SCAI), the American College of
Physicians (ACP), and the American Academy of Family
Physicians (AAFP). The document will be reevaluated two
years after the date of publication and yearly thereafter and
considered current unless the task force publishes a further
revision or withdrawal.

Recommendations concerning the staffing and equip-
ment of cardiac catheterization laboratories are beyond the
scope of this report and can be found elsewhere (3).
Statements concerning the use and safety of ambulatory and
outpatient cardiac catheterization procedures and the per-
formance of cardiac catheterization in laboratories without
on-site cardiac surgical backup are available (3).

This report is not intended to provide strict indications or
contraindications for coronary angiography because, in the
individual patient, multiple other considerations may be
relevant, including the family setting, occupational needs,
and individual lifestyle preferences. Rather, the report is
intended to provide general guidelines that may be helpful
to the practitioner.
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For these guidelines, coronary angiography is defined as
the radiographic visualization of the coronary arteries after
direct opacification with contrast media. After a discussion
of general considerations regarding coronary angiography,
the applications of coronary angiography in specific disease
states are presented and discussed in the body of this report.
Recommendations are made for appropriate use of coronary
angiography in these conditions. After the body of the
guidelines, appendices are presented that include a discus-
sion of special considerations regarding coronary angiog-
raphy; a discussion of alternative imaging modalities, in-
cluding intravascular coronary ultrasound, intracoronary
Doppler ultrasound, and coronary angioscopy; definitions of
angiographic coronary anatomy and the Canadian Cardio-
vascular Society (CCS) classification of angina; and the
desired elements of a coronary angiographic report.

Il. GENERAL CONSIDERATIONS
REGARDING CORONARY ANGIOGRAPHY

A. Definitions

Coronary angiography is defined as the radiographic visualiza-
tion of the coronary vessels after the injection of radiopaque
contrast media (4,5). The radiographic images are permanently
recorded for future review with either 35-mm cine film or
digital recording. Percutaneous or cutdown techniques, usually
from the femoral or brachial artery, are used for insertion of
special intravascular catheters. Coronary angiography further
requires selective cannulation of the ostium of the left and right
coronary arteries and, if present, each saphenous vein graft or
internal mammary artery graft to obtain optimal selective
contrast injection and imaging. Numerous specialized catheters
have been designed for this purpose. Physicians performing
these procedures must be technically proficient in all aspects of
the procedure and have a complete understanding of the
clinical indications and risks of the procedure and of coronary
anatomy, physiology and pathology. It is also important that
these physicians understand the fundamentals of optimal
radiographic imaging and radiation safety. Coronary angiog-
raphy is usually performed as part of cardiac catheterization,
which may also involve angiography of other vessels or cardiac
chambers, and hemodynamic assessment as needed for a
complete invasive diagnostic evaluation of the individual pa-
tient’s cardiovascular condition.

Coronary anatomy varies, and several nomenclatures have
been used to describe the anatomy and extent of disease.
Currently, the most commonly used is that described in the
Coronary Artery Surgery Study (CASS), recently modified
by the Bypass Angioplasty Revascularization Investigation
(BARI) Study Group (6,7). These schemes acknowledge
three major coronary arteries: the left anterior descending
(LAD), the circumflex, and the right coronary artery, with
right-dominant, balanced, or left-dominant circulations. A
diagram and description of the coronary anatomy are shown
in Appendix A. In this nomenclature, the coronary tree is
divided into 29 segments with the ability to account for
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anatomic variations, such as a large branching obtuse
marginal of the circumflex. The extent of disease is usually
defined as one-vessel, two-vessel, three-vessel, or left main
disease, with significant disease taken to mean the presence
of a stenosis of =50% diameter reduction, although many
angiographers define a significant stenosis as being nar-
rowed by =70% diameter reduction. Other methods to
quantify the extent of disease, such as an obstructive
coronary artery score or myocardial jeopardy score, have also
been used and have been shown to be predictive of long-
term outcome (8-10). Although coronary lesions that
reduce luminal diameter <<50% are considered hemodynam-
ically insignificant, they are not clinically benign. These
lesions may progress either acutely or chronically, and
patients with nonsignificant obstructions have significantly
more cardiovascular events during follow-up than those
with truly normal coronary angiograms (11).

B. Purpose

The purpose of coronary angiography is to define coro-
nary anatomy and the degree of luminal obstruction of the
coronary arteries (4,5). Information obtained from the
procedure includes identification of the location, length,
diameter, and contour of the coronary arteries; the presence
and severity of coronary luminal obstruction(s); character-
ization of the nature of the obstruction (including the
presence of atheroma, thrombus, dissection, spasm, or
myocardial bridging), and an assessment of blood flow. In
addition, the presence and extent of coronary collateral
vessels can be assessed.

Coronary angiography remains the standard for assess-
ment of anatomic coronary disease, because no other cur-
rently available test can accurately define the extent of
coronary luminal obstruction. Because the technique can
only provide information about abnormalities that narrow
the lumen, it is limited in its ability to accurately define the
etiology of the obstruction or detect the presence of non-
obstructive atherosclerotic disease. A more detailed descrip-
tion of the limitations of coronary angiography and the use
of alternative imaging modalities is contained in Appendices
B and C. Despite these and other limitations, coronary
angiography is the only method currently available for
defining the details of the entire coronary endoluminal
vascular anatomy, and it provides the reference standard
against which other tests are compared. The procedure is
associated with a small but definable risk (Table 1) and is
relatively expensive. As such, the physician must make
reasoned decisions on its use based on the anticipated
clinical benefit versus the risks and costs of the procedure.

Coronary angiography is principally used in three clinical
situations (12): first, to determine the presence and extent of
obstructive coronary artery disease (CAD) in a setting in
which the diagnosis is uncertain and CAD cannot be
reasonably excluded by noninvasive testing; second, to assess
the feasibility and appropriateness of various forms of
therapy, such as revascularization by percutaneous or surgi-



1760 Scanlon and Faxon

ACC/AHA Coronary Angiography Guidelines

Table 1. Risk of Cardiac Catheterization and Coronary
Angiography (No. of Patients = 59,792)

JACC Vol. 33, No. 6, 1999
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Table 2. Multivariate Predictors of Major Complications of
Coronary Angiography (No. of procedures = 58,332)

%

Mortality 0.11
Myocardial infarction 0.05
Cerebrovascular accident 0.07
Arrhythmia 0.38
Vascular complications 0.43
Contrast reaction 0.37
Hemodynamic complications 0.26
Perforation of heart chamber 0.03

Other complications 0.28
Total of major complications 1.70

Modified with permission from Noto et al. (13).

cal interventions; and finally, as a research tool for the
assessment of treatment results and the progression or
regression of coronary atherosclerosis.

C. Morbidity and Mortality

Although the incidences of significant morbidity and
mortality are low, coronary angiography may cause serious
complications and, thus, the benefits must justify the risks.
A 1990 survey by the SCALI indicated that the total risk of
all major complications from coronary angiography is <2%
(Table 1) (13). Although serious complications are rare,
certain groups of patients are at higher risk. The stability of
the patient before the procedure significantly influences
outcome, with the highest risk associated with patients who
undergo the procedure in an emergency setting. Patients
with critical left main coronary stenosis have a >2-fold
higher risk of complications from coronary angiography,
and care is required when procedures are performed on
patients in whom left main lesions are suspected (14).
Another study from the SCAI registry database identified
12 predictors of major complications after cardiac catheter-
ization (Table 2) (15). Patients in a moribund condition
before the procedure had the highest risk (10-fold), and
shock, acute myocardial infarction (IMI), renal insufficiency,
and cardiomyopathy increased the risk of complications.
Despite the higher risk of complications in these patients,
the risk-benefit ratio may still favor performance of coronary
angiography, because the information obtained may be
invaluable in making appropriate decisions about therapeu-
tic interventions. Although age is not shown in Table 2, it
is generally considered to be a significant factor related to
cardiovascular mortality after coronary angiography. The
skill and experience of the operator, the catheterization
laboratory staff, and the preprocedure and postprocedure
staff are also important factors in reducing complications.
Operator experience is clearly related to lower complication
rates. This fact has led one national organization to recom-
mend a minimum operator volume of 150 diagnostic cath-
eterizations per year (16). This is also true for coronary
angioplasty facilities. Recent studies have suggested that

Odds Ratio
Variable Coefhicient (95% CI)

Moribund —1.90 10.22 (3.77,27.76)

Shock —1.09 6.52 (4.18, 10.18)
Acute MI <24 h —0.98 4.03 (2.61, 6.21)
Renal insufficiency —0.43 3.30 (2.39, 4.55)
Cardiomyopathy -0.79 3.29 (2.23, 4.86)
Aortic valve disease —0.36 2.72(2.02, 3.66)
Mitral valve disease —0.30 2.33 (1.76, 3.08)
Congestive heart failure —0.32 2.22(1.71, 2.90)
New York Heart Association

Functional

Class 1 1.00

Class II 1.15(0.94, 1.41)

Class 111 1.32(0.92, 1.51)

Class IV 1.52 (1.16, 1.74)
Hypertension —0.38 1.45(1.22,1.73)
Unstable angina —0.24 1.42 (1.16,1.74)
Outpatient/inpatient 0.34 0.63 (0.52, 0.76)

Moribund indicates a patient who responds poorly due to a life-threatening condition;
MI, myocardial infarction; major complication, any adverse event listed in Table 1.
Modified with permission from Laskey et al. (15).

laboratory volumes of >200 angioplasty cases per year and
75 cases per operator are necessary to minimize complica-
tions and maximize success (17-19). A recent ACC expert
consensus document discusses the issue in more detail (19).
Many catheterization laboratories are located in hospitals
without on-site cardiac surgery facilities. Although there is
no evidence that outcomes are worse in these laboratories, if
ad hoc angioplasty is anticipated, or the patient is likely to
need urgent or emergency surgery after angiography, trans-
fer to a hospital that can provide both diagnostic and
therapeutic procedures should be strongly considered.

D. Relative Contraindications

There are no absolute contraindications for coronary
angiography. Commonly accepted relative contraindications
are shown in Table 3. Although these contraindications are
widely used, few data exist as to the inherent risks of
performing the procedure when these problems are present.

Of the known relative contraindications to coronary
angiography, renal insufficiency has been the most exten-
sively studied (20-29). The reported incidence of significant
worsening of renal function after angiography ranges from
10% to 40% in these patients. The risk increases with the
severity of preexisting renal insufficiency (24). In patients
without preexisting renal insufficiency, the risk of develop-
ing a significant reduction in renal function is 0% to 0.5%.
More than 75% of patients who develop renal insufficiency
recover completely, but permanent impairment of renal
function that requires dialysis can occur in up to 10% of
patients who develop this complication. Baseline creatinine,
male sex, diabetes, and volume of contrast are independent
predictors of the development of renal insufficiency after
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Table 3. Relative Contraindications to Coronary Angiography

Acute renal failure

Chronic renal failure secondary to diabetes

Active gastrointestinal bleeding

Unexplained fever, which may be due to infection

Untreated active infection

Acute stroke

Severe anemia

Severe uncontrolled hypertension

Severe symptomatic electrolyte imbalance

Severe lack of cooperation by patient due to psychological or
severe systemic illness

Severe concomitant illness that drastically shortens life
expectancy or increases risk of therapeutic interventions

Refusal of patient to consider definitive therapy such as PTCA,
CABG, or valve replacement

Digitalis intoxication

Documented anaphylactoid reaction to angiographic contrast
media

Severe peripheral vascular disease limiting vascular access

Decompensated congestive heart failure or acute pulmonary
edema

Severe coagulopathy

Aortic valve endocarditis

PTCA indicates percutaneous transluminal coronary angioplasty; CABG, coronary
artery bypass graft.

contrast injection. Diabetic patients with preexisting renal
insufficiency are particularly prone to develop renal failure
(22). In patients at risk for renal failure, pretreatment with
intravenous fluids or mannitol or with intravenous furo-
semide after angiography, as well as the use of nonionic
contrast media, has been beneficial in some studies
(20,23,28). However, in a recent randomized study, intra-
venous hydration with 0.45% saline was the most effective
means of preventing worsening renal failure in high-risk
patients, reducing the risk of worsening renal failure from
40% with furosemide and 28% with mannitol to 11% with
intravenous hydration (20). It is also critical that the volume
of contrast be minimized to reduce the chance of contrast-
induced renal failure.

Major reactions to angiographic contrast medium are
rare, but in patients with a known anaphylactoid reaction to
contrast media, the risk of subsequent reaction may be as
high as 50% (30,31). Patients with a known cardiovascular
disorder who are taking a beta-blocker are at increased risk
for contrast reactions (31). Observational studies suggest
that pretreatment of a reaction-prone patient with a corti-
costeroid and/or a H; and H, histamine blocker can reduce
this risk to an acceptable level when the indications for the
procedure justify its need (30-33). However, only one
randomized trial of corticosteroids has been conducted. In
that study, a two-dose corticosteroid regimen (before and
after angiography) significantly reduced the incidence of
anaphylactoid reactions (34). In addition, the use of non-
ionic contrast may reduce the incidence of subsequent
anaphylactic reactions (32,34).
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The presence of uncompensated congestive heart failure
increases the chance of major complications after coronary
angiography. Although limited data are available to accu-
rately define its risk, treatment of the heart failure before
coronary angiography is advised. In addition, it is advisable
to limit contrast volume and use nonionic contrast media in
patients with poor left ventricular function to reduce the
adverse hemodynamic effects of contrast media.

It should be recognized that most of the relative contra-
indications may be temporary or reversible, and therefore if
the procedure can be safely delayed, risks may be lowered. In
high-risk patients and patients with relative contraindica-
tions, the procedure should not be performed in an outpa-
tient setting. The guidelines for outpatient cardiac catheter-
izations are described in more detail in the “ACC/AHA
Guidelines for Cardiac Catheterization and Cardiac Cath-
eterization Laboratories” (3).

E. Utilization

In 1993, cardiac catheterization was the second most
frequently performed in-hospital operative procedure in the
U.S. and the most frequently performed procedure in
patients older than 65 years of age (35). In that year,
~1,078,000 inpatient cardiac catheterization procedures
were performed (36). It is estimated that an additional
668,000 patients received cardiac catheterization as outpa-
tients (John Goodman and Associates, 1996, personal oral
communication). There are no similar data specific for use
of coronary angiography, but in adult patients, cardiac
catheterization includes coronary angiography in most cases.

Approximately 48% of cardiac catheterizations are now
performed in the elderly, who are defined as =65 years of
age (35). Men are more likely to have cardiac catheterization
than women. There are also racial differences in use of
coronary angiography in the U.S. In 1993, cardiac cathe-
terization was performed in 349 of 100,000 patients in the
white population, 235 of 100,000 in the black population,
and 316 of 100,000 in other races.

The use of cardiac catheterization continues to grow.
According to data from Medicare (37), the combined
number of inpatient left-heart catheterizations and right-
and left-heart catheterizations, ie, those procedures that
most often include coronary angiography, increased from
575,000 in 1991 to 793,000 in 1995, an increase of 38% over
4 years. The number of outpatient cardiac catheterizations is
more difficult to determine. It is estimated that in 1986,
~5% of the total volume of catheterizations in Medicare
patients were performed in outpatients, whereas in 1993,
that figure had risen to 23%.

Although it has been suggested by many that managed
care will curtail further growth in the frequency of cardiac
catheterization, that has yet to occur. Given a prediction of
40% growth in the population aged >45 years from 1995 to
2010, and the present trend of increased utilization, it is
possible that by 2010, ~3,000,000 cardiac catheterizations
will be performed annually in the U.S.
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In 1994, ~10% of cardiac catheterizations were per-
formed in patients with a Diagnosis Related Group (DRG)
diagnosis of acute MI (38,39). Although this is only a small
percentage of those patients studied by coronary angiogra-
phy, the infarction subgroup has been well characterized.
The frequency of its use is growing in this group of patients:
from 1987 to 1990, the proportion of Medicare patients
with infarction who had cardiac catheterization increased
from 24% to 33% (40). Infarction patients admitted to
hospitals with cardiac catheterization laboratories are ~3
times more likely to undergo angiography than are patients
admitted to hospitals without such facilities (41,42). Pa-
tients treated for M1 by invasive cardiologists have a similar
likelihood of undergoing angiography as patients treated by
noninvasive cardiologists (68% vs. 59% at Massachusetts
General Hospital), but the likelihood of having angioplasty
or surgery is higher for patients treated by invasive cardiol-
ogists (43).

In the U.S,, there are substantial regional differences in
the use of coronary angiography (35). In the GUSTO-1
(Global Utilization of Streptokinase and Tissue Plasmino-
gen Activator for Occluded Coronary Arteries) study of
patients with acute MI, the proportion undergoing angiog-
raphy varied substantially between 7 regions evaluated (44).
In New England, 52% of patients with acute MI underwent
coronary angiography, whereas in the other 7 regions, the
frequency of use was much higher at between 66% and 81%.
The regional use of angiography was closely related to its
availability in all regions, except for New England. Despite
these regional variations in utilization, there was no appar-
ent relationship between procedure rate and certain patient
outcomes. The incidence of recurrent infarction or death at
30-day and one-year follow-up did not vary from region to
region. In another study that evaluated Medicare patients
with MI, the frequency of catheterization was 45% in
patients in Texas but only 30% in patients in New York
(45). In Texas, use was higher for all clinical subgroups
analyzed except for those at greatest risk for reinfarction,
that is, non—Q-wave infarction or patients with postinfarc-
tion angina, for whom the rates were similar to those in
New York. Despite the increased use of coronary angiog-
raphy in Texas, the adjusted mortality at two-year follow-up
was significantly lower in New York, and patients in New
York had fewer symptoms. Conversely, in an analysis of use
of coronary angiography within three months of an acute
MI among 6,851 patients hospitalized at 16 Kaiser Perma-
nente hospitals from 1990 to 1992, the rates of angiography
(ranging from 30% to 77%) were inversely related to the risk
of death from heart disease (p = 0.03) and the risk of heart
disease events (p < 0.001) over one to four years of
follow-up (46). This association was strongest among pa-
tients for whom published criteria indicated that angiogra-
phy was necessary.

For postinfarction patients, there is also an international
difference in use of angiography. In both the GUSTO (47)
and the SAVE (Survival and Ventricular Enlargement)
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trials (48), angiography was used more frequently after
infarction in patients in the United States than in Canada.
Despite this difference in utilization, there were no differ-
ences in mortality or reinfarction rates between the two
countries, although for both studies there was a higher
incidence of symptoms in Canadian patients at follow-up.
Similar conclusions were formed in a recent study compar-
ing elderly patients with MI in the U.S. and Canada (49).

This variation in use has led many to question the
appropriateness of angiography (50,51), particularly for
patients with MI. Appropriateness was evaluated for pa-
tients treated in the Myocardial Infarction Triage and
Intervention Project (MITI), a study of acute MI performed
in Seattle and King County, Washington (38). It was found
that except for recurrent angina, clinical risk factors that
predict higher mortality were associated with a lower rather
than a higher use of angiography, which suggests that many
patients who needed angiography did not receive it. Al-
though these data do not determine with certainty whether
angiographic procedures are overused in patients at low
mortality risk or underused in patients at greater mortality
risk, they suggest that the current balance between patient
survival risk and procedure utilization may not be the most
efficient use of this expensive resource (38).

Other studies examining the appropriateness of angiog-
raphy have yielded widely varied results (Table 4). These
studies generally rely on criteria established by an expert
panel to determine if angiography was necessary and appro-
priate. How well the opinion of such expert panels actually
agreed with practicing physicians had not been examined
until recently, but the level of agreement was found to be
quite good (58). Areas of patient management in which
variation in the appropriateness of coronary angiography
was greater were in older individuals and in those with
uncomplicated MI. Estimates for the rate of inappropriate
angiography have varied from as high as 58% in a two-
hospital study in Israel (53) to as low as 2% in a Swedish
report (56). The U.S. studies have included several reports
from the Rand Corporation investigators (52,55,59). Using
criteria for appropriateness developed through a consensus
panel of both specialists and generalists, Rand investigators
categorize angiography as appropriate, of “uncertain” value,
or inappropriate. By their criteria, angiography in New York
State was judged as appropriate in 76% of cases, of uncertain
value in 20%, and inappropriate in only 4% (52). Other
studies, particularly those that compare U.S. care with that
in Canada, have suggested that inappropriate indications
may be as high as 15% to 18% in some centers (57).
Unfortunately, current studies do not allow a final estimate
as to how frequently coronary angiography is performed
inappropriately.

Although most analyses have examined how often un-
necessary or inappropriate angiography is performed, few
have focused on how frequently patients fail to undergo
angiography despite firm indications for its use. A recent
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Table 4. Appropriateness of Angiography: Range of Findings in Literature

Author Study Cohort

Methods Results

Bernstein et al. (52) 1,335 patients

15 hospitals in New York

499 patients

2 hospitals in Israel

3 centers in England

1,336 patients

15 hospitals in New York; 15 in Canada
831 patients in Sweden

351 patients in Canada

1,677 patients in United States

Mozes and Shabtai (53)

Hampton et al. (54)
McGlynn et al. (55)

Bengston et al. (56)
Roos et al. (57)

Rand method Inappropriate, 4%

Consensus panel Inappropriate, 58%
Expert panel

Rand method in United States
Consensus panel in Canada
Expert panel

Expert panel

Inappropriate, 10%—-28%
Inappropriate, 4%—-10%

Inappropriate, 2%

In Canada, inappropriate, 9%

In United States, inappropriate,
15%-18%

study from southern California examined how frequently
patients with a “necessary” indication for angiography,
defined as a very positive stress test, were not referred for
further evaluation by angiography (60). Among >160
patients with a “necessary” indication, only 47% underwent
angiography within three months of the stress test and 61%
within 12 months. After adjustment for demographics and
clinical presentation, patients cared for by a cardiologist
were more likely to undergo necessary angiography than
those cared for by nonspecialists (74% vs. 44% by one year).
These data, although preliminary, raise concern that widely
accepted and effective diagnostic tests and therapies are not
being used in substantial numbers of patients. They also
confirm findings from other studies that specialists in
cardiovascular disease are more likely to provide appropriate
or “necessary” procedures than generalists (61,62).

There are no data available regarding how often coronary
angiography can appropriately be performed in any one
patient. It seems reasonable that a significant clinical change
could warrant a repeat angiogram in a patient with known
CAD, if the indication for angiography was in agreement
with these guidelines. The committee considers it unrea-
sonable to perform a repeat angiogram in a patient with
recurrent chest pain who has had a previously normal
coronary angiogram within the preceding five years, unless
there is an intervening documented MI or significantly
worsening findings on noninvasive testing. However, in
patients with angiographically significant CAD, who were
initially treated medically but in whom coronary revascular-
ization later becomes clinically necessary, it is common
practice to allow such a patient to proceed with revascular-
ization without a repeat angiogram if <6 months have
elapsed since the prior coronary angiogram, but to repeat
angiography if >6 months have passed.

On occasion, angiographic image quality or lesion visu-
alization is inadequate to make a judgment regarding the
best route of care for a patient, especially in deciding on a
revascularization procedure. In this case, a repeat angiogram
may be necessary. However, if repetitive angiography be-
comes an ongoing problem in any laboratory, the laboratory
director should critically review the equipment and staff

performance and especially the practice of those physicians
who undertake repetitive angiographic procedures. In the
absence of clinical indications, repeat angiography is both
costly and potentially dangerous.

F. Costs

The total cost of coronary angiography includes labora-
tory fee, professional fee and costs related to preprocedure
and postprocedure observation and laboratory testing (63).
Additional costs may accrue if inadequate studies must be
repeated or if complications develop (64). Charges generally
are different from costs and are usually higher. Charge
information is more readily available than cost information
(65). There is disagreement regarding the effect that labo-
ratory volume has on costs. Some recommend that a
laboratory should perform =300 to 400 procedures per year
to maximize economic efficiency, primarily to make up for
capital outlay and its amortization (66,67), whereas others
have found no relation between volume and costs (68,69).

The 1992 mean charge for cardiac catheterization for
inpatients younger than 65 years without a diagnosis of
acute MI was $10,880, varying by state from a low of $6,400
in Maryland to $17,600 in California (70). Eighty-two
percent of the total charge was for hospital care. Of this
amount, 62% was related to catheterization laboratory and
ancillary charges and 38% for room and board. The physi-
cian charge made up 18% of the total, averaging $2,000 and
varying from $1,300 in South Carolina to $2,550 in Cali-
fornia. Costs related to physician fees are falling. Medicare
payment for physician services for a typical procedure, e.g.,
a left-heart catheterization with a left ventriculogram or
angiography of the native coronaries as well as one addi-
tional angiographic component, with supervision and inter-
pretation, was $725 in 1994 and $700 in 1996, and further
reductions are anticipated (37).

Outpatient catheterization may be lower in cost, but how
much lower is unclear. A prospective study of patients who,
on the basis of published guidelines, were candidates for
outpatient procedures found that charges for outpatient
procedures were $580 less than for inpatient procedures, but
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actual cost savings were only $218 per patient (71). Previous
reports suggested that the nonprofessional component of
charges could be reduced by 31% to 55% for an outpatient
procedure (72,73).

G. Cost-Effectiveness

There has been relatively little study of the cost-
effectiveness of coronary angiography compared with non-
invasive techniques for the diagnosis and subsequent man-
agement of CAD (74). In part, this lack of evidence exists
because coronary angiography frequently leads to a revascu-
larization procedure, and thus it is difficult to separate the
cost-benefit aspects of the diagnostic test from those of the
procedure that subsequently follows. However, several re-
ports regarding the cost-effectiveness of coronary angiogra-
phy have recently been published.

Patterson et al. (74) compared the cost-effectiveness of
coronary angiography with that of ECG stress testing,
single photon emission-computed tomography (SPECT)
imaging, and stress positron emission tomography (PET)
scanning as a first technique to diagnose CAD. In this
Bayesian analysis, effectiveness was defined as the number of
patients with diagnosed CAD and utility as the clinical
outcome, i.e., the number of quality-adjusted life years
(QALY) extended by therapy after the diagnosis of CAD.
The authors used published values for costs, accuracy, and
complication rates of the various tests. At a clinically derived
pretest probability of significant CAD of <70%, noninva-
sive testing was more cost-effective than coronary angiog-
raphy as an initial procedure. Above a threshold probability
of 70% (for example, middle-aged men with typical angina),
proceeding directly to angiography as the first test had the
lowest cost per effect or utility.

Other studies have examined the cost-effectiveness of
combined diagnostic coronary angiography and angioplasty
as a single procedure rather than having patients undergo
two procedures. Rozenman and colleagues (75) studied
>2,000 patients over a three-year period and found no
difference in success or complication rates for patients who
had diagnostic angiography and angioplasty performed at
the same time, compared with having them done as separate
procedures. They found no difference in length of stay after
angioplasty between combined and staged treatment strat-
egies and concluded that same-setting angioplasty was likely
to be more cost-effective. However, a formal analysis of true
costs was not performed. In a similar manner, O’Keefe et al.
(76) compared 219 patients undergoing combined proce-
dures with a matched population of 191 patients who had
separate procedures. The success and complication rates
were similar, and the average total charge for a combined
procedure was $11,128 compared with $13,160 in those
undergoing separate procedures. The authors also estimated
that significant savings would occur with respect to total
contrast, fluoroscopic time and total procedure time.

Kuntz et al. (77) recently estimated the cost-effectiveness
of routine coronary angiography after acute MI. Decision-
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tree chance node probabilities were estimated with the use
of pooled data from randomized clinical trials and other
relevant literature, costs were estimated with the use of the
Medicare Part A database, and quality-of-life adjustments
were derived from a survey of 1,051 patients with a recent
MI. Routine coronary angiography increased quality-
adjusted life expectancy in almost all post-MI subgroups
compared with patients given initial medical therapy with-
out angiography; however, the cost per QALY gained
ranged widely, from $17,000 to >$1 million. When a
threshold of <$50,000 was considered cost-effective, which
compares favorably with the cost of using various medical
strategies after MI, routine angiography was cost-effective
for patient subgroups with severe postinfarction angina or a
strongly positive exercise tolerance test, and for most sub-
groups with a prior MI, even with a negative stress test.
Clearly, more research on the cost-effectiveness of coronary
angiography is needed before the optimal use of this
procedure in a wide range of clinical circumstances can be
determined.

lll. CORONARY
ANGIOGRAPHY FOR SPECIFIC CONDITIONS

A. Known or Suspected CAD*

1. General Considerations. Coronary atherosclerosis is a
slowly progressive process that can be clinically inapparent
for long periods of time (78—80). Coronary disease often
becomes clinically evident because of the occurrence of
symptoms, such as angina or those associated with MI.
Patients with known CAD are those in whom the disease
has been documented by either angiography or MI (i.e.,
using WHO criteria). “Suspected coronary disease” means
that a patient’s symptoms or other clinical characteristics
suggest a high likelihood for significant CAD and its related
adverse outcomes but that evidence of CAD has not yet
been documented as defined above.

Patients may develop symptoms at one point in time but
may become asymptomatic thereafter as the result of a
change in the disease or as the result of therapy. For
instance, many patients are asymptomatic after an uncom-
plicated MI, as are patients with mild angina, who can be
rendered asymptomatic by medications. The severity of
clinical presentations and the degree of provokable ischemia
on noninvasive testing are the principal factors used in
determining the appropriateness of coronary angiography.
Although the extent of coronary disease defined by coronary
angiography does predict outcome, use of coronary angiog-
raphy as a “screening tool” in unselected populations is
neither prudent nor cost-effective (74). The same can be
stated regarding the routine use of exercise testing (81),

*As used in this document, the term “coronary artery disease” is broadly inclusive,
encompassing atherosclerotic coronary disease with or without clinical manifestations
as well as rarer forms of coronary disease that can produce obstruction and/or flow
limitation, eg, embolus, spasm, arteritis, congenital abnormality and trauma.
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radionuclide imaging (82) and stress echocardiography (83)
in unselected patients. With only a few exceptions, coronary
angiography is not clearly indicated in asymptomatic pa-
tients with either known or suspected CAD, unless nonin-
vasive testing (performed as recommended in the ACC/
AHA noninvasive guidelines), reveals findings that suggest
a high risk for adverse outcome (81,82). Coronary angiog-
raphy is also frequently done during evaluation for other
cardiac conditions, such as valvular heart disease, congestive
heart failure, or assessment of congenital heart disease. In
this setting, angiography may be performed in asymptom-
atic patients. The details of indications for coronary angiog-
raphy in specific conditions are described below.

2. Stable Angina
a. Definitions

Patients with CAD may become symptomatic in many
different ways but most commonly develop angina pectoris.
In this document, angina pectoris (or simply angina) means
a chest discomfort due to myocardial ischemia, often de-
scribed as a transient squeezing, pressure-like precordial
discomfort. Angina is generally provoked by physical effort
(particularly during the postprandial state), with exposure to
cold environment or by emotional stress. The discomfort on
effort is relieved by rest, its duration being a matter of
minutes. The ease of provocation, frequency and duration of
episodes may remain relatively unchanged in individuals for
extended time periods, leading to the term “stable angina
pectoris.”

Not all stable chest pain syndromes are truly anginal.
Various authors have subdivided stable chest pain syn-
dromes in an attempt to link the quality of symptoms with
the prevalence of significant CAD. Diamond and Forrester
(84) found significant CAD at angiography in 89% of
patients with typical angina but in only 50% with atypical
angina and merely 16% of patients with nonanginal chest
pain.

In CASS, 8,157 patients with chronic stable chest pain
who underwent coronary angiography were characterized by
type of symptoms reported. The CASS definitions of
anginal type have become standards for much subsequent
literature (85). “Definite angina” was defined as substernal
discomfort precipitated by exertion and relieved by rest or
nitroglycerin in <10 min. Most patients reported typical
radiation to the shoulders, jaw or inner aspect of the arm.
Patients with probable angina had most of the features of
definite angina, but the features were atypical in some
respects (e.g., radiation, unpredictable relief with nitroglyc-
erin or duration up to 15 to 20 min). The third group had
“nonspecific chest pain” that did not fit either of the above
two groups. The prevalence of significant CAD in patients
with definite angina, probable angina and nonspecific chest
pain was 93%, 66% and 14% in men, and 72%, 36% and 6%
in women (p < 0.001). The age and sex of the patients as
well as the character of chest pain were important determi-
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nants of disease prevalence and severity. Coronary disease
associated with high risk for adverse outcomes, that is, left
main or three-vessel disease, occurred in >50% of middle-
aged men and older women with definite angina and most
men who had probable angina who were >60 years. In
contrast, high-risk coronary disease was uncommon in both
men and women with nonspecific chest pain, especially in
patients <60 years.

The definition and diagnosis of angina is sometimes made
more difficult by the predominance of other symptoms such as
exertional dyspnea or fatigue, which may be “anginal equiva-
lents.” Women frequently present with symptoms that do not
have the features classically described in studies of large
populations of middle-aged men. Furthermore, women have a
higher frequency of asymptomatic ischemia (86).

Angina is further defined according to a gradient of severity
as outlined by the CCS classification (87) (Appendix D). In
addition, asymptomatic patients with CAD are those with no
symptoms to suggest myocardial ischemia in the previous six
weeks (88). It is recognized that when tested, a subgroup of
these patients will have transient abnormalities consistent with
myocardial ischemia in the absence of symptoms. This is
termed silent ischemia, and the abnormalities detected may
consist of reversible ECG ST-segment shifts on exercise
testing or ambulatory monitoring, perfusion abnormalities on
radionuclide scans (i.e., stress 2°'T], sestamibi, and PET) or
regional wall motion abnormalities during left ventricular
imaging (i.e., stress echocardiography or radionuclide ventricu-
lography). It is appropriate to use the term ischemia in this
context and to reserve the term angina to describe the subjec-
tive symptom felt by patients during episodes of myocardial
ischemia. In general, these ischemic test results relate to the
functional severity of CAD and are predictors of risk for future
adverse outcome, independent of the perception of, or severity
of symptoms. Thus, the absence of current symptoms does not
necessarily mean either the absence of ischemia or the absence
of an impaired prognosis. Diabetes, older age, female gender,
hypertension, polyneuropathy, and cardiac transplantation,
when accompanied by significant CAD, are all associated with
a high frequency of ischemia or even MI without symptoms
(89-92).

Patients with known CAD can be divided into two
groups based on whether or not they ever had symptoms.
One group includes those who were never symptomatic but
in whom CAD was documented for other reasons. For
example, abnormalities on a stress test led to an angiogram;
the patient was a cardiac surgical candidate (e.g., valve
replacement) and therefore angiography was done as a
preoperative evaluation; or other clinical findings (e.g.,
asymptomatic MI or abnormal ECG) led to an angiogram.
The other group includes those who were previously symp-
tomatic but are currently asymptomatic (i.e., no symptoms
within six weeks). This group would include, for example,
those who previously had angina but are now asymptomatic;
patients after symptomatic MI with no postinfarction an-
gina; patients after revascularization (either CABG or
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PTCA) who now have no angina; and those who were
effectively treated (i.e., drugs or activity restriction) who
now have no angina. Although this grouping is convenient
because it summarizes how these patients present to the
clinician, there are no data to suggest that such clinical
grouping, based on whether or not patients are currently
symptomatic, has prognostic significance.

b. Management Approach for Sympromatic Patients

Patients with stable chest pain syndromes should undergo
a thorough clinical evaluation, including classification of
chest pain type into definite or probable angina or nonspe-
cific chest pain, and identification of risk factors (age,
tobacco use, dyslipidemia, hypertension, family history of
premature coronary disease, activity profile, obesity, post-
menopausal status and diabetes). The physical examination
will usually detect evidence of other types of heart disease
that can cause angina, e.g., aortic stenosis, hypertrophic
cardiomyopathy or severe pulmonary hypertension. An
assessment of contraindications for coronary angiography
should be part of this clinical assessment. The CCS classi-
fication of angina provides a useful guide for the assessment
of severity of definite or probable angina. Severe symptoms
(CCS class III or IV) suggest severe CAD and are an
indication for cardiac catheterization.

Optimal medical management may include nitrates,
long-acting calcium channel blockers, and beta-adrenergic
blocking agents, as well as attention to associated conditions
such as hypertension, dyslipidemia and diabetes. Therapy is
considered adequate if it includes two of the three antian-
ginal agents used at or near maximum recommended doses
in addition to antiplatelet therapy. For most patients,
medical therapy is considered successful when angina has
been eliminated or no longer adversely influences their
lifestyle, and they are able to exercise beyond the end of
stage II of the Bruce protocol without experiencing angina
and ST-segment depression. Patients with definite or prob-
able angina for whom optimal pharmacologic therapy has
failed and those with an intolerance to these medications are
candidates for coronary angiography. Patients who are
treated medically but who demonstrate subsequent deterio-
ration on noninvasive testing that suggests progression of
disease are often considered for coronary angiography.
Coronary angiography should also be considered for pa-
tients whose angina accelerates or intensifies despite ade-
quate medical care, even if their symptoms do not fulfill the
criteria for a diagnosis of unstable angina. Stable angina
patients who have survived sudden cardiac death or sus-
tained ventricular tachycardia are generally referred for
coronary angiography to identify coronary lesions that, if
treated appropriately, could relieve the ischemic substrate
for lethal arrhythmias (93).

From time to time, CCS class I to II patients, whose
occupation or other circumstance constitutes a risk to
themselves or others, should undergo coronary angiography
even in the absence of high-risk markers for adverse
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outcome on noninvasive testing. Such “need-to-know” cir-
cumstances may exist for airplane pilots, train operators,
firefighters, school bus drivers, serious athletes and others.

. Management Approach for Asymptomatic or Mildly
Symptomatic Patients With Known or Suspected CAD

A scheme for noninvasive evaluation of a mildly symp-
tomatic or asymptomatic patient suspected or known to
have significant CAD is shown in Figure 1. Exercise-
induced ECG changes, abnormalities on radionuclide myo-
cardial perfusion scans, and abnormalities on ventricular
wall motion studies (Table 5) are established markers for
high risk of adverse outcomes. Although these noninvasive
stress test markers are neither 100% sensitive nor 100%
specific, when properly used, they do have very acceptable
predictive value for adverse outcome. Thus, they aid in the
selection of appropriate candidates for coronary angiography
when symptom severity alone does not support such a
recommendation. A minority of patients undergoing non-
invasive testing will have findings that suggest a high risk for
adverse outcome, but in most of these high-risk cases, a
recommendation for coronary angiography is warranted.

The criteria (Fig. 2) cited for identifying patients at high
risk for adverse outcome during exercise ECG testing have
evolved from both the original and the revised joint ACC/
AHA Task Force reports (81,95) and a special report on
exercise standards from the AHA (96). These reports
emphasize the difficulties in interpreting ECG changes in
selected populations, such as premenopausal women with a
low pretest likelihood of coronary disease. Also, it should be
noted that most apparently healthy men who have a positive
(i.e., 1-mm ST depression) exercise ECG test (without
high-risk criteria) but who lack clinical risk factors do not
have significant CAD (97).

Radionuclide perfusion imaging techniques generally
have higher specificity for significant CAD than ECG-
based tests used alone but are much more costly. The
radionuclide techniques are most cost-effective in identify-
ing severe multivessel CAD in patients with uninterpretable
ECGs and in patients who have an abnormal exercise ECG
that does not fulfill high-risk criteria (Table 5). These
findings are summarized in the “ACC/AHA Guidelines for
Clinical Use of Cardiac Radionuclide Imaging” (82,98).
That committee concluded that use of exercise or pharma-
cologic myocardial perfusion imaging with thallium or rest
and exercise radionuclide angiography was usually appropri-
ate and considered useful for assessment of severity of
ischemia and risk stratification of patients with known or
suspected CAD. They thought that the use of gated
sestamibi perfusion imaging was also acceptable for this
purpose but that its usefulness was less well established. The
most consistent predictor of cardiac death or nonfatal MI
was the number of transient perfusion defects provoked by
either exercise or pharmacologic stress. Patients with CAD
and redistribution defects on stress thallium imaging in >1
coronary artery region or who have a combination of
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Patients with stable chest pain
or unstable chest pain stabilized by therapy
or previous M|
or post-revascularization

CAD
diagnosis
certain?

. Need for
risk/prognostic
assessment?

Need to
guide medical
management?

no

A 4

Contra-
indications to
stress testing?

Consider coronary
angiogram

Continuefinitiate/modify
medical rx

Symptoms yes

warranting
angiography?.

Can patient
exercise?

Pharmacologic imaging study

Is resting ECG
interpretable?*

Exercise imaging study

Exercise test

Is test result
high risk?**

Consider coronary
angiography/revascularization

Are diagnosis
and prognosis
certain?

Consider imaging
study/angiography

Continue/initiate/modify
rx as appropriate

Figure 1. Clinical context for noninvasive and invasive diagnostic testing of patients with suspected ischemic heart disease. *ECG
interpretable unless preexcitation, electronically paced rhythm, left bundle-branch block or resting ST-segment depression >1 mm. See
text for discussion of digoxin use, left ventricular hypertrophy, and ST depression <1 mm. *For example, high risk if Duke treadmill score
predicts average annual mortality >3% (see Fig. 2 for nomogram). Modified from Figure 1 of the “ACC/AHA Guidelines for Exercise

Testing” (81).

redistribution abnormalities and increased lung uptake are
at increased risk for adverse outcome (98). Normal stress
91T scans are highly predictive of a good outcome, even in
patients with documented CAD. An analysis of 3,595 such
patients, followed up for =29 months in 16 separate studies,
revealed a 0.9% annual rate of cardiac death or MI (99),
nearly as low as that seen in the general population (100).

Assessment of left ventricular function (radionuclide
ventriculography or echocardiography) shows that mortality
rates progressively increase as left ventricular ejection frac-
tion at rest decreases. When ejection fraction decreases
=10% with exercise or fails to exceed 0.50 during exercise,
particularly in association with new or worsening regional
wall motion abnormalities, prognosis is also impaired (98).
Similarly, patients at increased risk for adverse outcome can
be identified by a reduced ejection fraction with rest

echocardiography or by stress echocardiography that shows
multiple new or worsening regional wall motion abnormal-
ities during stress (100—109).

Appropriate treatment of patients with ischemia but not
severe symptoms was addressed in the Asymptomatic Car-
diac Ischemia Pilot (ACIP) study (88,110,111). Clinically
stable patients with CAD (a third were asymptomatic, and
the majority had multivessel disease and normal ventricular
function) and ischemia on both stress testing and ambula-
tory ECG monitoring were randomized to either initial
medical or revascularization treatment strategies. Patients
randomized to a medical strategy could cross over to
revascularization at any time to relieve severe symptoms.
Although there were only a small number of events, the
results suggested that patients randomized to initial revas-
cularization had better outcomes (fewer deaths and nonfatal
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Table 5. Noninvasive Test Results Predicting High Risk" for
Adverse Outcomes in Patients With Known or Suspected
Coronary Artery Diseaset

Severe resting left ventricular dysfunction (LVEF <35%)

High-risk treadmill score (score =—11)F

Severe exercise left ventricular dysfunction (exercise LVEF
<35%)

Stress-induced large perfusion defect (particularly if anterior)

Stress-induced multiple moderate perfusion defects

Large, fixed perfusion defect with LV dilatation or increased
lung uptake (thallium 201)

Stress-induced moderate perfusion defect with LV dilatation or
increased lung uptake (thallium 201)

Echocardiographic wall motion abnormality (involving >2
segments) developing at low dose of dobutamine (=10 mg/kg
per minute) or low heart rate (<120 beats/min)

Stress echocardiographic evidence of extensive ischemia

LVEF indicates left ventricular ejection fraction.

*Annual mortality rate >3%.

FTreadmill score is calculated using Bruce protocol, duration of exercise in
minutes — (5 X maximal ST-segment deviation during or after exercise in mm) —
(4 X treadmill angina index). The numerical treadmill angina index was 0 for no
angina, 1 for nonlimiting angina, and 2 for exercise-limiting angina.

From Mark et al. (94).

MIs as well as hospitalizations) at one and two years than
did those randomized to initial medical treatment
(110,112). Although these findings require confirmation in
a larger trial with mortality as the outcome, they do support
overviews of nonrandomized (113,114) and randomized
(115) trial data that concluded that asymptomatic or mildly
symptomatic patients with severe ischemia on noninvasive
testing do better with initial revascularization than with
initial medical therapy.

There is varying opinion as to when coronary angiogra-
phy should be performed in asymptomatic patients in whom
noninvasive testing indicates ischemia (i.e., a high proba-
bility of CAD), but in whom test criteria do not indicate
high risk for adverse outcomes. In part, this is attributable to
the observation that the development of ischemia on these
tests may not in itself indicate a poor prognosis (99). In this
group with ischemia, but no test abnormalities to suggest
high risk, the presence of multiple clinical risk factors such
as increased age, diabetes, or occupational or lifestyle risks
become increasingly important considerations when deter-
mining whether coronary angiography should be performed.
However, it should be recognized that there are no con-
trolled studies that show an advantage for angiography or
revascularization over a conservative medical “wait and see”
approach for any of these clinical subsets.

Because transplanted hearts often develop occlusive cor-
onary arteriopathy, and because ischemia in patients with
denervated hearts is generally asymptomatic, it has become
common practice to perform periodic coronary angiography
(and often intravascular coronary ultrasound), usually annu-
ally, after transplantation. The prognostic benefit of this
practice has not been clearly established. It has also become
a common part of the screening process to perform coronary
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angiography in candidates for liver, lung or kidney trans-
plantation if they are =40 years of age, even in the absence
of significant clinical risk factors for coronary disease. It
would seem that noninvasive testing could be substituted for
coronary angiography in many of these patients.

d. Management Approach for Patients Resuscitated From
Sudden Cardiac Death

Adult patients successfully resuscitated from cardiac ar-
rest who do not have clinical findings that suggest other
causes of the arrest generally have extensive CAD. In the
absence of recognized precipitating factors, such as acute
MI, these patients are at high risk for recurrent cardiac
arrest, and coronary angiography is of value in determining
the underlying cause and planning the most appropriate
therapeutic approach. Observational data indicate that cor-
onary bypass surgery may be associated with reduced adverse
outcome in that subgroup with significant coronary disease
(93). It has been reported that immediate coronary angiog-
raphy in survivors of out-of-hospital cardiac arrest reveals
acute coronary occlusion in ~50% of patients and that
successful emergency angioplasty of an acute occlusion is an
independent predictor of survival (116). A recent AHA
statement further addresses this issue (117).

Recommendations for Coronary Angiography in
Patients With Known or Suspected CAD Who Are
Currently Asymptomatic or Have Stable Angina

Class 1

1. CCS class III and IV angina on medical treatment.
(Lewvel of Evidence: B)

2. High-risk criteria on noninvasive testing regardless
of anginal severity (Table 5). (Level of Evidence: A)

3. Patients who have been successfully resuscitated
from sudden cardiac death or have sustained
(>30 s) monomorphic ventricular tachycardia or
nonsustained (<30 s) polymorphic ventricular
tachycardia. (Level of Evidence: B)

Class Ila

1. CCS class III or IV angina, which improves to class
I or II with medical therapy. (Level of Evidence: C)

2. Serial noninvasive testing using identical testing
protocols, at the same level of medical therapy,
showing progressively worsening abnormalities.
(Level of Evidence: C)

3. Patients with angina and suspected coronary dis-
ease who, due to disability, illness, or physical
challenge, cannot be adequately risk stratified by
other means. (Level of Evidence: C)

4. CCS dlass I or II angina with intolerance to adequate
medical therapy or with failure to respond, or patients
who have recurrence of symptoms during adequate
medical therapy as defined above. (Level of Evidence:
(v}

5. Individuals whose occupation involves the safety of
others (e.g., pilots, bus drivers, etc.) who have
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Figure 2. Nomogram of the prognostic relations in the treadmill score. Determination of prognosis proceeds in five steps:

1.

2.
3

The observed amount of exercise-induced ST-segment deviation (the largest elevation or depression after resting changes have been

subtracted) is marked on the line for ST-segment deviation during exercise.

The observed degree of angina during exercise is marked on the line for angina.

. The marks for ST-segment deviation and degree of angina are connected with a straight edge. The point where this line intersects the
ischemia reading line is noted.

. The total number of minutes of exercise in treadmill testing according to the Bruce protocol (or the equivalent in multiples of resting
oxygen consumption [METSs] from an alternative protocol) is marked on the exercise-duration line.

. The mark for ischemia is connected with that for exercise duration. The point at which this line intersects the line for prognosis

indicates the five-year survival rate and average annual mortality for patients with these characteristics.

Patients with <1 mm of exercise-induced ST-segment depression should be counted as having 0 mm. Angina during exercise refers to

typical effort angina or an equivalent exercise-induced symptom that represents the patient’s presenting complaint. This nomogram applies
to patients with known or suspected coronary artery disease, without prior revascularization or recent myocardial infarction, who undergo
exercise testing prior to coronary angiography.

Modified from Mark et al. (94).

Copyright © 1991 Massachusetts Media Society. All rights reserved. Prognostic value of a treadmill exercise score in outpatients with suspected coronary artery disease. NEJM

1991;325:849-53. With permission Shaw L, Harrell FE Jr., et al.

abnormal but not high-risk stress test results, or
multiple clinical features that suggest high risk.
(Level of Evidence: C)

Class IIb

1. CCS class I or II angina with demonstrable isch-

emia but no high-risk criteria on noninvasive test-

ing. (Level of Evidence: C)

2. Asymptomatic man or postmenopausal woman with

=2 major clinical risk factors and abnormal but not
high-risk criteria on noninvasive testing (performed
for indications stated in the ACC/AHA noninva-
sive testing guidelines) without known coronary
heart disease. (Level of Evidence: C)

3. Asymptomatic patients with prior MI with normal

resting left ventricular function and ischemia on
noninvasive testing, but without high-risk criteria.
(Level of Evidence: C)

4. Periodic evaluation after cardiac transplantation.

(Level of Evidence: C)

5. Candidate for liver, lung or renal transplant =40

years old as part of evaluation for transplantation.
(Level of Evidence: C)

Class II1

1. Angina in patients who prefer to avoid revascular-

ization even though it might be appropriate. (Level
of Evidence: C)

2. Angina in patients who are not candidates for

coronary revascularization or in whom revascular-
ization is not likely to improve quality or duration

of life. (Level of Evidence: C)

3. As a screening test for CAD in asymptomatic

patients. (Level of Evidence: C)
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4. After CABG or angioplasty when there is no evi-
dence of ischemia on noninvasive testing, unless
there is informed consent for research purposes.
(Level of Evidence: C)

5. Coronary calcification on fluoroscopy, electron
beam CT, or other screening tests without criteria
listed above. (Level of Evidence: C)

e. Management of Patients With Nonspecific Chest Pain

Chest pain syndromes that are not characteristic of
angina have previously been called noncardiac, atypical, or
angiographically negative chest pain, as well as chest pain of
undetermined origin (37-39). These terms are generally
used to describe chest pain syndromes that are not associ-
ated with myocardial ischemia and are not of a cardiac cause.
However, “atypical angina” generally means that myocardial
ischemia is the cause of the symptoms, but the clinical
presentation is unusual and should not be confused with
nonspecific chest pain. For the purpose of this document and
for consistency with previous documents, chest pain or cardiac
symptoms not thought to be consistent with definite or
probable angina are classified as nonspecific chest pain.

Nonspecific chest pain is very infrequently due to myo-
cardial ischemia secondary to significant CAD, with a
prevalence of 14% in men and 6% in women in one study
(85). Other causes of myocardial ischemia, such as variant
angina due to coronary spasm, or cocaine abuse, or syndrome
X due to microvascular dysfunction, can infrequently present as
nonspecific chest pain as well. Other cardiac causes include
mitral valve prolapse, myocarditis, pericarditis and aortic dis-
section. Mitral valve prolapse is often associated with nonspe-
cific chest pain. Although the cause is poorly understood, one
postulate is that traction of the papillary muscle, induced by
abnormal mitral valve motion, causes ischemia (118).

Noncardiac causes of nonspecific chest pain include
costochondritis and esophageal disorders. Several disorders
of the esophagus cause retrosternal chest pressure that can
mimic myocardial ischemic-type chest pain. These include
gastroesophageal reflux, irritable esophagus with altered
gastroesophageal motility and a hypertensive lower esoph-
ageal sphincter (119). Many patients with both ischemic
cardiac and esophageal pain can distinguish the symptoms,
but some cannot. Exertional symptoms resulting from an
esophageal source may also occur (119-121). Gastroesoph-
ageal reflux is a common, treatable cause of chest discomfort
in patients with CAD who have nonspecific chest pain
symptoms and remain symptomatic despite aggressive an-
tianginal therapy (122). In one study, esophageal manom-
etry, pH, and Holter monitoring were performed in patients
with refractory nonspecific chest pain on optimal medical
therapy for CAD. Of the 88% with chest pain identical to
their anginal syndrome, 23% had acid reflux, 4% had cardiac
ischemia, and 73% had no demonstrable cause. Up to 30%
of patients with nonspecific chest pain will have an esoph-
ageal motility disorder (123). In some cases, antianginal
therapy may exacerbate esophageal reflux symptoms because
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many of the drugs used to reduce these symptoms also lower
esophageal sphincter tone (124,125).

A generalized disorder of smooth muscle function involv-
ing the esophagus, airways, musculoskeletal vasculature,
central nervous system, and coronary microvasculature has
been proposed (121). Some data suggest that gastroesoph-
ageal reflux and esophageal motility abnormalities may elicit
myocardial ischemia and chest pain, a phenomenon termed
“linked” angina. Acid stimulation caused typical angina
(associated with a reduction in coronary blood flow velocity)
in about half of syndrome X patients, which suggests that
linked angina may indeed occur (119). However, other
studies refute this concept (125,126).

If noncardiac causes are excluded or unlikely, or if the
patient has significant cardiovascular risk factors that raise
the suspicion of coronary disease, a noninvasive evaluation is
appropriate. A number of guidelines specifically address this
issue in detail (81-83,95-99). If noninvasive testing indi-
cates a high risk for adverse outcome, then referral for
coronary angiography should be made. Patients with non-
specific chest pain and evidence of myocardial ischemia but
without indicators of high risk may be started on medical
therapy with careful follow-up to assess their clinical re-
sponse (127). Those who are intolerant of medical therapy,
who fail to respond adequately to medical therapy, or in
whom chest pain limits their lifestyle significantly despite
taking =2 antianginal medications should be considered for
coronary angiography. Patients who repeatedly present to
the hospital with nonspecific chest pain, but who fail to have
high-risk markers for ischemia, may also benefit from
coronary angiography. The findings of a normal coronary
angiogram in such patients indicate a good long-term
prognosis that is reassuring to both the patient and the
physician. Studies have indicated that a normal angiogram
in this setting significantly reduces symptoms and subse-
quent hospitalizations (128).

Recommendations for Coronary Angiography in
Patients With Nonspecific Chest Pain

Class 1
High-risk findings on noninvasive testing. (Level of
Evidence: B)

Class I1a

None.

Class IIb
Patients with recurrent hospitalizations for chest pain
who have abnormal (but not high-risk) or equivocal
findings on noninvasive testing. (Level of Evidence: B)

Class I1I
All other patients with nonspecific chest pain. (Level of
Evidence: C)
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3. Unstable Angina
a. Definitions

The acute coronary syndromes include unstable angina,
non—Q-wave MI, and acute Q-wave MI. The diagnosis of
unstable angina has been complicated by a broad range of
presentations that can vary between atypical chest pain and
acute MI. An expert panel of clinicians attempted to clarify
the definition of unstable angina in the recently published
“Clinical Practice Guideline for Unstable Angina”
(129,130). Three possible presentations are described:

e Symptoms of angina at rest (usually prolonged >20 min);

e New-onset (<2 months) exertional angina of at least
CCS class III in severity;

o Recent (<2 months) acceleration of angina as reflected by
an increase in severity of at least one CCS class to at least

CCS class III.

Variant angina, non—Q-wave MI and recurrent angina
>24 h after MI are considered part of the spectrum of
unstable angina. However, in this document, non—-Q-wave
MI is discussed in the section on acute MI.

Our understanding of stable and unstable coronary syn-
dromes continues to evolve along with our increased under-
standing of their pathophysiology. Locally produced vaso-
active mediators and complex coronary morphologic
characteristics may promote a dynamic process of thrombo-
sis and fibrinolysis via platelet activation that can lead to
acute coronary syndromes. Serum markers, such as creatine
phosphokinase isoforms and cardiac troponin T and I, have
led to an increased appreciation of the close relationship
between unstable angina and MI.

b. Pathophysiology

Unstable ischemic coronary syndromes are characterized
by severe but often transient episodes of myocardial isch-
emia caused by a critical obstruction to coronary blood flow.
These episodes are almost always caused by =1 of several
pathophysiologic mechanisms that interfere with the bal-
ance of myocardial oxygen supply and demand. The spon-
taneous rupture of lipid-laden, macrophage-rich atheroscle-
rotic plaques may initiate unstable angina, acute MI, or
sudden death (131) through platelet aggregation and
thrombus formation over the fissured plaque (132). Plaque
rupture leads to total or subtotal occlusion, resulting in a
silent progression of the occlusive process or an acute
coronary syndrome. Coronary angiography cannot predict
vulnerable plaques, but once thrombosis has occurred, a
filling defect indicating thrombus may be detected by
angiography (133). Patients with unstable angina have more
complex coronary lesions and more intracoronary thrombus
on angiography than patients with stable angina (134,135).
The coronary angiographic findings in unstable angina are
often indistinguishable from those of non—Q-wave MI
(133). Unstable angina with a clinical duration of <2
months is characterized angiographically by a high inci-
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dence of complex lesions. In a blinded retrospective angio-
graphic study of 52 patients with unstable angina <2
months in duration compared with 32 patients having
“chronic” unstable angina for >6 months, those with
chronic unstable angina had a greater number of diseased
vessels, fewer eccentric lesions and a better collateral circu-
lation (136).

¢. Risk Stratification

Within the group of patients with unstable angina,
variable clinical outcomes are seen. The Braunwald classi-
fication (137) was developed as a means to grade patients
with unstable angina according to severity of expected
outcome, on the basis of the clinical manifestations and
circumstances of their presentation (137). In this classifica-
tion, consideration is given to history, associated ECG
changes, and concurrent medical therapy in evaluating
symptomatology. Risk stratification based on the Braunwald
classification system has recently been validated by two
groups, confirming its prognostic utility (138,139). The
Agency for Health Care Policy and Research (AHCPR)
Clinical Practice Guideline for unstable angina is a refinement
of the Braunwald classification. Categories of severity are
different, but as with the original scheme, the AHCPR
guideline uses clinical circumstances, ECG changes, and in-
tensity of therapy to develop an algorithm for the diagnosis and
management of patients with suspected unstable angina (140).

d. Prognosis

Overall, the risk of a major adverse cardiac clinical event
(death or nonfatal MI) in patients with unstable angina is
less than that observed with acute MI but greater than in
stable angina. This risk is highest at the time of presentation
and declines to baseline within two months (141). One-year
follow-up of the 1,473 Thrombolysis in Myocardial Infarc-
tion (TIMI) I1IB patients revealed a 4.3% mortality rate and
an 8.8% incidence of nonfatal infarction at one year, but a
substantial percentage of these cases had a non—Q-wave MI
(142). In another study of 1,897 patients admitted to the
coronary care unit in whom an infarction did not evolve and
some of whom may not have had CAD, the 10-year cardiac
mortality rate was 22% (143). Accordingly, identification of
the high-risk patient is of paramount importance.

Silent ischemia has also been identified as a marker for
unfavorable outcome in patients with unstable angina (144).
In addition to the clinical history and ECG findings, certain
serum markers have recently been shown to identify a
high-risk subgroup (145-147). In these studies, elevations
in creatine kinase (CK) isoforms, cardiac troponin T and I,
and acute phase reactants appear to identify a subgroup of
patients with unstable angina at high risk for adverse
outcome (148-150).

e. Management Approach

A management approach to unstable angina is outlined in
the AHCPR Clinical Practice Guideline that is based on an
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Table 6. Short-Term Risk of Death or Nonfatal Myocardial Infarction in Patients With Unstable Angina

High Risk

Intermediate Risk

Low Risk

At least 1 of the following features
must be present:
Prolonged ongoing (>20 min) chest

the following:

likelihood of CAD
Pulmonary edema, most likely related
to ischemia
Angina at rest with dynamic ST
changes =1 mm
Angina with new or worsening MR
murmur

Nocturnal angina

Angina with S; or new/worsening rales

No high-risk features but must have any of

Prolonged (>20 min) angina at rest, now
pain resolved, with moderate or high

Angina at rest (>20 min or relieved with
rest or sublingual nitroglycerin)

Angina with dynamic T-wave changes

No high- or intermediate-risk features but
may have any of the following features:

Increased frequency, severity, or duration
of angina

Angina provoked at lower threshold
New-onset angina with 2 wk to 2 mo

before presentation

Normal or unchanged ECG

New-onset CCSC III or IV angina in the

past 2 weeks with moderate or high

likelihood of CAD
Angina with hypotension

Pathological Q_waves or resting ST

depression =1 mm in multiple lead
groups (anterior, inferior, lateral)

Age >65y

MR indicates magnetic resonance; CAD, coronary artery disease; and CCSC, Canadian Cardiovascular Society classification.
Note: Estimation of the short-term risks of death and nonfatal myocardial infarction in unstable angina is a complex, multivariable problem that cannot be fully specified in
a table. Therefore, this table is meant to offer general guidance and illustration rather than rigid algorithms. In addition, more recent studies have shown that elevated serum

troponin levels are associated with intermediate or high risk.
From Braunwald et al (129).

assessment of both the likelihood of CAD and the short-
and long-term prognoses of such patients (129). For those
judged in their initial evaluation and treatment phase to be
at low risk for adverse outcomes (Table 6), the guidelines
recommend outpatient management. Patients thought to be
at intermediate or high risk for death or nonfatal MI should
be admitted to the hospital for intensive medical manage-
ment. For patients who do not respond after an hour of
aggressive therapy or who have recurrence of symptoms
after initial stabilization and are thus considered refractory,
emergency or urgent coronary angiography should be per-
formed and intraaortic counterpulsation considered. Emer-
gency catheterization refers to a diagnostic catheterization
study that is performed immediately or as soon as possible,
i.e., within 6 h. Urgent coronary angiography refers to a
study performed within 24 h of hospitalization.

For patients whose condition stabilizes after initial treat-
ment, the AHCPR Unstable Angina Clinical Practice
Guideline proposes either an “early invasive” or “early
conservative” strategy. With the early invasive strategy, all
hospitalized patients (intermediate and high risk) without
contraindications, receive elective cardiac catheterization
within 48 h. With the early conservative strategy, only
patients with high-risk indicators (prior revascularization,
congestive heart failure, left ventricular ejection fractions
<0.50, malignant ventricular arrhythmia, persistent or re-
current ischemic pain and/or functional study indicating
high risk) are referred for cardiac catheterization. In the
TIMI IIIB trial, a low six-week mortality rate (2.4%) and
occurrence of infarction or reinfarction (6.3%) were
achieved with either an early conservative or early invasive

strategy. However, the early invasive strategy resulted in a
reduced length of stay and reduced number of readmissions
as well as less use of antianginal drugs (151). In a further
analysis of patients treated with PTCA in the TIMI IIIB
study, PTCA within 24 h of admission was an independent
predictor of the occurrence of a subsequent cardiovascular
event, especially if these patients were being treated emer-
gently (152). This committee believes that an early invasive
strategy with early coronary angiography is useful and
effective, although probably better done after 24 h of
aggressive medical management, including aspirin, standard
or low-molecular-weight heparin and a glycoprotein IIb/
IIIa inhibitor, if the clinical situation allows.

As summarized earlier, coronary angiography is indicated
in unstable angina when subsequent revascularization is
likely to alter the natural history or when patients have
continued symptoms. When symptoms are intractable, the
guidelines recommend emergent or urgent coronary angiog-
raphy. The incidence of truly refractory angina was evalu-
ated in a group of 125 patients with unstable angina studied
over a five-year period in the recent era of five-drug therapy
(intravenous heparin, aspirin, nitrates, calcium channel
blockers and beta-blockers). All patients had >20 min of
angina at rest with reversible ECG changes. Of the 52%
who were thought to be medically refractory by the referring
practitioners, 83% could be rendered free of chest pain by a
more aggressive medical regimen. The incidence of truly
medically refractory unstable angina with this five-drug
regimen was found to be infrequent at 8.8% (153) and
would probably be even less frequent with the addition of
low-molecular-weight heparin and/or glycoprotein IIb/IIIa
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inhibitors, as used today. Coronary angiography may be
deferred for 48 h in these patients who have been thus
stabilized.

Outpatient evaluation of low-risk patients (Table 6)
should begin promptly and should include exercise stress
testing for patients with normal rest ECGs who are not
taking digoxin or exercise or pharmacologic stress testing
with myocardial perfusion scanning or echocardiography for
all others. Evaluation of left ventricular function is also
important. In the low-risk patient with known coronary
disease, the goal is to determine whether revascularization is
indicated. In those not previously known to have CAD, the
goal is to establish a diagnosis and further stratify the
patients according to risk.

Many patients with recurrent chest discomfort not sug-
gestive of angina have had normal coronary angiograms
during the past five years. Even though many of these
patients repeatedly seek cardiovascular care, repeat angiog-
raphy is generally not considered to be indicated unless their
clinical presentations convincingly suggest the presence of
new CAD.

Patients with variant angina may present with chest pain
and acute ECG changes. Cardiac catheterization is often
performed in these patients to establish a diagnosis and to
exclude fixed obstructive disease, which might require re-
vascularization.

Recommendations for Coronary Angiography in
Unstable Coronary Syndromes

Class 1

1. High or intermediate risk for adverse outcome in
patients with unstable angina (Table 6) refractory
to initial adequate medical therapy, or recurrent
symptoms after initial stabilization. Emergent cath-
eterization is recommended. (Level of Evidence: B)

2. High risk for adverse outcome in patients with
unstable angina (Table 6). Urgent catheterization is
recommended. (Level of Evidence: B)

3. High- or intermediate-risk unstable angina that sta-
bilizes after initial treatment. (Level of Evidence: A)

4. Initially low short-term-risk unstable angina (Table
6) that is subsequently high risk on noninvasive
testing (Table 5). (Level of Evidence: B)

5. Suspected Prinzmetal variant angina. (Level of Ev-
idence: C)

Class I1a

None.

Class IIb
Low short-term-risk unstable angina, without high-risk
criteria on noninvasive testing. (Level of Evidence: C)

Class 111
1. Recurrent chest discomfort suggestive of unstable
angina, but without objective signs of ischemia and
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with a normal coronary angiogram during the past
five years. (Level of Evidence: C)

2. Unstable angina in patients who are not candidates
for coronary revascularization or in patients for
whom coronary revascularization will not improve
the quality or duration of life. (Level of Evidence: C)

4. Recurrence of Symptoms After Revascularization

a. Definitions

Evidence of myocardial ischemia in the patient who has
undergone a revascularization procedure (PTCA or CABG)
may represent ischemic myocardium that was not revascular-
ized by intention for either technical or clinical reasons, or was
deferred for later treatment if the patient remained symptom-
atic. Alternatively, it may represent recurrent ischemia due to
restenosis, graft occlusion or progression of atherosclerosis.
Ischemia may present as a recurrence of the preprocedural
symptoms. However, not uncommonly, especially after surgical
revascularization, recurrent ischemia may present with atypical
features. Indeed, there is an increased incidence of silent
ischemia in postoperative patients (154,155).

b. Recurrence of Symptoms After Catheter-Based
Revascularization

(1) Abrupt Closure After Catheter-Based

Revascularization

Acute coronary closure complicates 2% to 11% of percu-
taneous coronary interventions and, if treated by balloon
angioplasty alone, is associated with a high incidence of
death (up to 5%), MI (up to 27%), and the need for
emergency bypass surgery (up to 10%) (156-159). In most
cases, acute closure can be managed by stenting and is
successfully reversed in most of such patients, reducing the
complication rate to <2%. However, those patients whose
arteries are not successfully reopened are at high risk for
death, MI, or emergency CABG. Furthermore, follow-up
of patients with major clinical ischemic events after abrupt
closure suggests that they continue to be at increased risk
compared with those who are successfully redilated (159). In
contrast, when closure is successfully treated, outcome is
favorable. In a study from the Cleveland Clinic (160), 88 of
4,863 consecutive patients undergoing angioplasty who had
successful treatment of in-laboratory closure were compared
with the 4,775 patients who had a successful uncomplicated
procedure. No difference in one-year outcomes between the
groups was found. On the basis of these observations,
coronary angiography is generally performed emergently on
any patient with suspected abrupt closure with the intent for
repeat intervention, if possible.

Acute closure after balloon angioplasty primarily occurs
within the first 24 h. With intracoronary stent implantation,
closure occurs over a more prolonged (3 to 11 days) time
course and has been termed “subacute thrombosis.” The
incidence of subacute thrombosis is substantially higher
(10.1%) for bailout stenting compared with stents placed
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electively. With current stent-placement methods and an-
tiplatelet therapies, the incidence of subacute closure is <1%
(161,162). When it occurs, subacute stent thrombosis pre-
sents as an acute coronary syndrome similar to acute closure
and acute MI. Emergent catheterization is indicated.

(2) Periprocedural Enzyme Elevation

Elevations in enzyme markers of myocardial necrosis
occur in 12% to 22% of patients after percutaneous inter-
ventional procedures. In patients with unstable angina and
non—Q-wave MI, elevations in these markers portend an
unfavorable prognosis. Asymptomatic enzyme elevations
after coronary interventions previously had been regarded by
many as clinically inconsequential. However, evaluation of
the CAVEAT population (n = 1,012) showed a worse
clinical outcome for patients with an elevated CK level after
the procedure (163). Likewise, in a study of new device
angioplasty, elevated enzymes were shown to predict in-
hospital complications (164). In contrast, in a study of 565
patients after directional atherectomy, a correlation between
CK-MB isoform elevations and adverse long-term sequelae
was not confirmed (165). Preliminary evidence suggests that
platelet IIb/IIIa glycoprotein receptor blockade may reduce
the risk of enzyme elevation in patients treated with
angioplasty, directional atherectomy, or stents and in pa-
tients undergoing saphenous vein graft percutaneous inter-
vention (164,166,167).

Although a poorer long-term outcome appears to be
associated with micronecrosis, clear indications for coronary
angiography in this situation are currently lacking. Accord-
ingly, the committee believes that treatment of these pa-
tients should be based on the other clinical guidelines
discussed in this document.

(3) Restenosis

Recurrence of stenosis after percutaneous transluminal
coronary intervention is still the major limitation to long-
term clinical success of the procedure. A distinction should
be made between clinical and angiographic restenosis.
Clinical, i.e., symptomatic, restenosis should be suspected in
patients who present with recurrent angina within nine
months of a catheter-based revascularization procedure.
The incidence of clinical restenosis parallels the number of
target lesions revascularized, as documented in many con-
trolled clinical trials with angiographic follow-up. The
clinical presentation of restenosis tends to mirror the index
presentation; 75% of patients who initially presented with
unstable angina will re-present with unstable angina. Other
patients will demonstrate a steady progression of anginal
symptoms over several weeks. Angiographic restenosis (of-
ten defined as the return of stenosis =50%) is not always
apparent clinically, and its incidence is higher than the rate
of clinical restenosis. Although coronary angiography in
asymptomatic postangioplasty patients who have a positive
stress test may reveal angiographic restenosis, these patients
generally have a good outcome, and asymptomatic angio-

JACC Vol. 33, No. 6, 1999
May 1999:1756-824

graphic restenosis may regress (168). The development of
clinical symptoms >9 months after PTCA is more likely
due to progression of native coronary disease than restenosis
(169,170).

Coronary angiography is generally performed in symp-
tomatic patients with suspected restenosis to reassess anat-
omy and to repeat revascularization as needed. Conse-
quently, when suspicion of restenosis is high, coronary
angiography is generally performed in a center where repeat
revascularization can be performed immediately after the
angiogram.

In agreement with the noninvasive testing guidelines, the
committee discourages routine noninvasive evaluation of
asymptomatic patients after angioplasty. It does recommend
selective testing of patients considered to be at particularly
high risk, such as those with decreased left ventricular
function, multivessel CAD, proximal LAD disease, previ-
ous cardiac arrest, diabetes mellitus, hazardous occupations
and suboptimal PTCA results. When noninvasive testing
has been done in asymptomatic patients after angioplasty
and reveals markers of high risk for adverse outcome,
coronary angiography is indicated. Asymptomatic patients
with an abnormal but not high-risk noninvasive test result
often can be successfully treated medically, with coronary
angiography performed only when symptoms develop or
high-risk markers present on noninvasive testing.

¢. Recurrence of Symptoms After Coronary Artery Bypass
Surgery

Patients with prior bypass surgery who develop postop-
erative angina represent an important subset of patients who
require thoughtful evaluation and therapy. Arterial conduits
often provide long-term patency over at least 15 years.
Saphenous vein grafts are more vulnerable to graft athero-
sclerosis and subsequent closure. Approximately 10% of
patients will have vein graft closure within the first two
months after surgery and another 10% within the first year
(171). Vein graft patency is relatively stable from years 3 to
5, but after 10 years, 40% of vein grafts are occluded (172).
In a study of 977 patients after bypass surgery, 30% had
angina in the first year, 46% at 3 years and 50% at 8 years of
follow-up (173). Postoperative angina occurs more fre-
quently in women than men (174). Furthermore, many
postoperative patients have asymptomatic myocardial isch-
emia (155). Postoperative angina is an increasing problem.
For example, in the BARI registry (175), the percentage of
patients presenting for revascularization who had prior
surgical revascularization increased from 20% to 33% over
the time period of enrollment. It is generally believed that
patients with recurrent ischemia after coronary artery bypass
surgery have an increased risk of adverse outcomes; treat-
ment must balance the risk of reoperation with the risk of
medical management or percutaneous revascularization. Re-
operative risk is dependent on both age and the patient’s
clinical presentation (176). In a study of 2,030 patients
followed up for a mean of 7.8 years after surgery at a single
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site, there was a 5.7% mortality rate for patients undergoing
elective reoperation, compared with a 10.9% mortality rate
in patients having urgent reoperation, and a 16.4% mortality
rate in those undergoing emergent reoperation (177). Five-
and 10-year survival rates were 76% and 55%, respectively,
for patients aged <50 years at reoperation and 63% and
40%, respectively, for those >70 years of age.

Catheter-based techniques are attractive as an alternative
to the high risk of reoperation but are not without risk,
especially when performed in an older vein graft. In a study
of 89 saphenous vein graft lesions treated percutaneously in
75 patients with medically refractory angina, clinical success
(angiographic success plus hospital discharge without major
complication) was achieved in 70 (178). In this series, there
was a 3% incidence of early mortality, 3% had nonfatal MI,
and 1% required emergency reoperation. During late
follow-up, 23% had a repeat PTCA, 3% needed reopera-
tion, and 25% died. Long-term survival of this cohort was
compared with a similar surgically treated group. At 30
days, survival was better in the graft angioplasty patients
(97% vs. 92%), but there was no difference at six months,
and by five years there was a trend toward better survival in
the reoperative group.

Other percutaneous techniques such as transluminal ex-
traction atherectomy, excimer laser, and directional coro-
nary atherectomy do not appear to offer superior effective-
ness in dealing with vein graft atherosclerosis compared
with standard balloon angioplasty (179-183). The use of
coronary artery stents for disease in saphenous vein grafts is
becoming almost routine (184,185). One randomized con-
trolled study has evaluated the role of stent placement in
saphenous vein graft disease. In the SAVED trial, patients
were randomized to stenting or balloon annuloplasty. In-
hospital outcomes were similar, but there was a significant
reduction in repeat revascularization six months after the
procedure in the stent group (186).

Coronary angiography is reasonable in patients who are
symptomatic within the first 12 months after bypass surgery,
because relatively low-risk revascularization by percutaneous
techniques can often be offered. Angiography should be
avoided in postbypass patients who, by virtue of age or other
comorbidity, are poor candidates for repeat revascularization
by either reoperation or angioplasty. Postbypass patients
who are suitable candidates for further revascularization and
who have noninvasive evidence of high-risk disease are
appropriate subjects for coronary angiography. Those who
are symptomatic but deemed to be low risk by noninvasive
testing, perhaps due to collateralization, can be treated
medically before angiography is considered.

Recommendations for Coronary Angiography in
Patients With Postrevascularization Ischemia

Class 1
1. Suspected abrupt closure or subacute stent throm-
bosis after percutaneous revascularization. (Level of
Ewvidence: B)
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2. Recurrent angina or high-risk criteria on noninva-
sive evaluation (Table 5) within nine months of
percutaneous revascularization. (Level of Evidence: C)

Class Ila
1. Recurrent symptomatic ischemia within 12 months
of CABG. (Level of Evidence: B)
2. Noninvasive evidence of high-risk criteria occur-
ring at any time postoperatively. (Level of Evidence:
B)
3. Recurrent angina inadequately controlled by med-

ical means after revascularization. (Level of Ewvi-
dence: C)

Class IIb

1. Asymptomatic post-PTCA patient suspected of
having restenosis within the first months after
angioplasty because of an abnormal noninvasive
test but without noninvasive high-risk criteria.
(Level of Evidence: B)

2. Recurrent angina without high-risk criteria on non-
invasive testing occurring >1 year postoperatively.
(Level of Evidence: C)

3. Asymptomatic postbypass patient in whom a dete-
rioration in serial noninvasive testing has been
documented but who is not high risk on noninva-
sive testing. (Level of Evidence: C)

Class 111
1. Symptoms in a postbypass patient who is not a
candidate for repeat revascularization. (Level of
Evidence: C)
2. Routine angiography in asymptomatic patients af-
ter PTCA or other surgery, unless as part of an
approved research protocol. (Level of Evidence: C)

5. Acute MI
a. Introduction

During the past 15 years, the treatment of Q-wave MI
has shifted from a passive approach emphasizing supportive
care and management of complications to a more active
therapeutic approach. Coronary angiography is rarely per-
formed during or after MI solely for diagnostic purposes.
The vast majority of procedures are done to evaluate the
patient for a percutaneous or surgical revascularization
procedure. Therefore, the appropriateness of performing
coronary angiography after MI is, by necessity, linked to the
efficacy of these revascularization procedures as measured by
an improved outcome for the patient. As discussed in
section II, several recent studies have shown considerable
variation in the use of coronary angiography after MI within
regions of the U.S., between the U.S. and Canada, between
health maintenance organizations and fee-for-service hos-
pitals, between primary care physicians and cardiologists,
and between invasive and noninvasive cardiologists (43—
45,47,48,60,187). These data do not show a consistent
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Ischemic Discomfort
at rest

No ST-segment ST-segment
elevation elevation
Unstable Non Q-wave Q-wave

angina AMI AMI

Figure 3. Nomenclature of acute coronary syndromes. Patients
with ischemic discomfort may present with or without ST-
segment elevation on the ECG. The majority (large arrow) of
patients with ST-segment elevation ultimately develop a Q-wave
acute MI, whereas a minority (small arrow) develop a non—-Q-
wave acute MI. Of the patients who present without ST-segment
elevation, the majority (large arrows) are ultimately diagnosed as
having either unstable angina or non—Q-wave acute MI on the
basis of the presence or absence of a cardiac marker such as
CK-MB detected in the serum; a minority of such patients
ultimately develop a Q-wave acute MI. The spectrum of clinical
conditions ranging from unstable angina to non—-Q-wave acute MI
and Q-wave acute MI is referred to as the acute coronary
syndromes. Reprinted with permission from Antman EM, Braun-
wald E. Acute myocardial infarction. In: Heart Disease. A Text-
book of Cardiovascular Medicine. 5th ed. Philadelphia, PA: WB

Saunders, 1996. *Positive serum cardiac marker.

relationship between the increased use of coronary angiog-
raphy after MI and improvements in outcome.

Guidelines covering PTCA, CABG surgery and the
treatment of patients with acute MI have been published by
the ACC/AHA Task Force on the Assessment of Diag-
nostic and Therapeutic Procedures within the past five years
and contain recommendations relevant to the use of coro-

nary angiography (188-190).
b. Definitions

According to World Health Organization criteria, the
diagnosis of MI is based on the presence of at least two of
the following: 1) a clinical history of ischemic-type chest
discomfort, 2) changes on ECG tracings obtained serially
and 3) a rise and fall in enzyme markers of myocardial cell
necrosis (191,192). A convenient way to categorize patients
who present with ischemic chest discomfort and suspicion
of MI is by the presence or absence of ST-segment
elevation, and this distinction will be used in these guide-
lines. The majority of patients presenting with ischemic
chest pain and ST elevation will subsequently have some
enzyme marker of myocardial necrosis with or without
development of Q_waves. Of those who present with
ischemic chest pain and no ST-segment elevation, some will
evolve serum markers of myocardial necrosis with or with-
out Q_waves while others, without an elevation in serum
markers, will later be classified as having unstable angina
(Fig. 3).

These guidelines were developed following the general
pattern used to organize the “ACC/AHA Guidelines for
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the Management of Patients With Acute Myocardial In-
farction” (190). Accordingly, the use of coronary angiogra-
phy was evaluated in three distinct time periods after
infarction. It must be emphasized, however, that these time
periods are somewhat arbitrary, because patients who
present with MI may not be immediately identified, do not
uniformly present at a common starting point in the event
and may evolve through the infarction at different rates. It is
also clinically useful to stratify patients with suspected MI
by the presence or absence of ST-segment elevation on the
ECG. Because clinical outcomes, especially after thrombol-
ysis, are similar, we have included in the group with ST
elevation patients with typical ischemic chest pain and a new
(or presumed new) bundle-branch block obscuring the
ECG diagnosis of MI. Patients with ongoing ischemic
chest pain but without ST-segment elevation are a distinct
group with different indications for coronary angiography
compared with those who have ST-segment elevation.

The first time period discussed relates to the use of
coronary angiography during the initial recognition and
management of the patient in the emergency department.
For the patient who presents acutely with ST-segment
elevation or bundle-branch block obscuring the diagnosis of
MI, coronary angiography is coupled with the intent to
perform primary PTCA as an alternative to thrombolytic
therapy. Other indications discussed are related to patients
who present with similar ECG findings and are not treated
by primary PTCA (i.e., who receive thrombolytic or no
reperfusion therapy) or who have a strong suggestion of M1,
but do not have ST-segment elevation.

The second general time period relates to the use of
coronary angiography during the hospital-management phase
of the patient with MI. During this phase, the need for
coronary angiography is generally driven by the development of
some complication of the infarction, such as spontaneous
recurrent ischemia, heart failure related to ventricular septal
defect, or papillary muscle dysfunction or persistent malignant
arrhythmias occurring beyond the first 24 h after infarction.

The final general time period after MI during which
coronary angiography may be necessary occurs when the
patient is being prepared for hospital discharge and under-
goes risk stratification. In practical terms, this is defined not
by a specific time but rather by the evaluations performed to
determine the risk of future morbid events and the need for
additional therapies. The process of risk stratification occurs
throughout the clinician’s entire encounter with the patient
as information is gathered about the extent and conse-
quences of the infarction.

c. Coronary Angiography During the Initial Management of
Patients in the Emergency Department

(1) Patients Presenting With Suspected MI and
ST-Segment Elevation or Bundle-Branch Bloc